Role of Tight Glycemic Control during Acute Coronary Syndrome on CV Outcome in Type 2 Diabetes by Sasso, Ferdinando Carlo et al.
Review Article
Role of Tight Glycemic Control during Acute Coronary Syndrome
on CV Outcome in Type 2 Diabetes
Ferdinando Carlo Sasso ,1 Luca Rinaldi ,1 Nadia Lascar,2 Aldo Marrone,1
Pia Clara Pafundi ,1 Luigi Elio Adinolfi,1 and Raffaele Marfella1
1Department of Medical, Surgical, Neurological, Metabolic and Aging Sciences, University of Campania, Naples, Italy
2School of Life and Health Sciences, Aston University, Birmingham, UK
Correspondence should be addressed to Ferdinando Carlo Sasso; ferdinando.sasso@unicampania.it
Received 15 April 2018; Revised 22 August 2018; Accepted 13 September 2018; Published 4 October 2018
Guest Editor: Markus Wallner
Copyright © 2018 Ferdinando Carlo Sasso et al. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.
Both incidence and mortality of acute coronary syndrome (ACS) among diabetic patients are much higher than those among
nondiabetics. Actually, there are many studies that addressed glycemic control and CV risk, whilst the literature on the role of
tight glycemic control during ACS is currently poor. Therefore, in this review, we critically discussed the studies that
investigated this speciﬁc topic. Hyperglycemia is implicated in vascular damage and cardiac myocyte death through diﬀerent
molecular mechanisms as advanced glycation end products, protein kinase C, polyol pathway ﬂux, and the hexosamine
pathway. Moreover, high FFA concentrations may be toxic in acute ischemic myocardium due to several mechanisms, thus
leading to endothelial dysfunction. A reduction in free fatty acid plasma levels and an increased availability of glucose can be
achieved by using a glucose-insulin-potassium infusion (GIKi) during AMI. The GIKi is associated with an improvement of
either long-term prognosis or left ventricular mechanical performance. DIGAMI studies suggested blood glucose level as a
signiﬁcant and independent mortality predictor among diabetic patients with recent ACS, enhancing the important role of
glucose control in their management. Several mechanisms supporting the protective role of tight glycemic control during ACS,
as well as position statements of Scientiﬁc Societies, were highlighted.
1. Introduction
Diabetes has become one of the main causes of morbidity and
mortality in most countries. It is estimated that 346 million
people worldwide have diabetes, and its incidence is arising.
According to the WHO [http://www.who.int/diabetes/
en/], diabetes is predicted to become, by 2030, the seventh
leading cause of death in the world. Cardiovascular disease
represents one of the major complications of diabetes and
is responsible for 50% to 80% of early deaths.
A large Danish population-based study conducted on 3.3
million people showed, in diabetic patients requiring
glucose-lowering therapy, a cardiovascular risk comparable
to nondiabetics who suﬀered from acute coronary syndrome
(ACS), due to which these kinds of patients should receive
intensive primary prevention for CVD (antiplatelet therapy,
statins, and angiotensin-converting enzyme inhibitor/angio-
tensin receptor blocker) [1].
The MONICA study also showed a higher incidence of
ACS among diabetic patients rather than nondiabetics and
that, overall, ACS mortality is four times higher in a male
and seven times higher in a female diabetic population [2].
Moreover, a linear positive relationship between admission
hyperglycemia and mortality after ACS has been reported.
However, in this setting of patients, the optimal management
goal of glucose levels still remains uncertain.
The aim of this brief review is to assess the role of a tight
glycemic control during ACS in type 2 diabetic subjects, inde-
pendently from other therapies commonly used for ACS (e.g.,
statins, antithrombotic therapies, and drug-eluted stents).
Hindawi
Journal of Diabetes Research
Volume 2018, Article ID 3106056, 8 pages
https://doi.org/10.1155/2018/3106056
2. Rationale for the Goal of Glycemic Control in
Diabetic Population
Three studies, ADVANCE [3], ACCORD [4], and VADT
[5], have reported unremarkable eﬀects of an intensive
glucose lowering on cardiovascular events and overall
mortality in type 2 diabetes. Indeed, these trials showed
that an intensive therapy performed to gain a too low
HbA1c target seems to increase the CV risk. Moreover,
an intensive antihyperglycemic therapy increased the risk
of severe hypoglycemia.
On the other hand, the UKPDS [6] did not demonstrate a
signiﬁcant reduction of macrovascular events during the
intensive treatment, whilst showing that the beneﬁts of an
intensive strategy to control blood glucose levels appeared
10 years after the end of treatments [7]. It is outstanding that
the UKPDS study population was, with respect to ACCORD,
ADVANCE, and VADT studies, younger, with less history of
CV disease and neuropathy, lower baseline HbA1c, and
lower risk of hypoglycemia.
Actually, in a more recent metaregression analysis [8], a
higher BMI, duration of diabetes and incidence of severe
hypoglycemia revealed to be associated with a greater risk
of cardiovascular death in intensive treatment groups. The
same meta-analysis showed that an intensiﬁed hypoglycemic
treatment in type 2 diabetic patients leads to a signiﬁcant
reduction of the incidence of myocardial infarction, whilst
not aﬀecting the incidence of stroke and cardiovascular
mortality.
All these ﬁndings suggest that the HbA1c target should
be set based on the phenotype of diabetic patients like a dress.
The International Scientiﬁc Society Guidelines have accepted
this evidence in order to reduce the CV risk among diabetic
people [9].
Unfortunately, less evidences are present for what con-
cerns the impact of a tight glycemic control during acute
ischemic events on the short- and long-term CV outcome.
Recent RCTs, which have showed the eﬃcacy of some
SGLT2-i and GLP-1 RA (empagliﬂozin, canagliﬂozin, and
liraglutide) to signiﬁcantly reduce the CV events in diabetics
with history of CVD or at very high CV risk, have a great
clinical impact. Moreover, empagliﬂozin and liraglutide
reduced the CV mortality among diabetic people in second-
ary CV prevention [10–12]. Actually, these ﬁndings were
not applicable on subjects in primary CV prevention and,
above all, in patients with ACS. Within the end of 2018, we
expect the results of the DECLARE study, whose aim was
to assess the CV eﬀect of dapagliﬂozin on diabetic patients
and also on the primary CV prevention (60% of enrolled
population) [13].
Actually, non-RCT showed a protective CV eﬀect by the
other classes of antihyperglycemic agents.
In fact, RCTs on DPP4i (saxagliptin, alogliptin, and sita-
gliptin) showed a noninferiority for the primary endpoint of
a composite of death from cardiovascular causes, nonfatal
myocardial infarction or nonfatal stroke [14–16]. In particu-
lar, alogliptin was originally used in diabetic patients with
either acute myocardial infarction (AMI) or unstable angina
requiring hospitalization within the previous 15 to 90 days
[15]. Moreover, saxagliptin showed an increased rate of heart
failure hospitalization [14].
Instead, the addition of empagliﬂozin and of canagliﬂo-
zin [10, 11] to the standard of care led to a signiﬁcant reduc-
tion in the hospitalization rates for heart failure compared
with placebo (35% and 33%, respectively).
Fascinatingly, the PROactive study showed a not statis-
tically signiﬁcant 10% reduction in the primary composite
endpoint (a combination of cardiovascular disease-driven
and procedural events in all vascular beds) versus the
statistically signiﬁcant 16% decrease in the main secondary
endpoint (all-cause mortality, myocardial infarction, and
stroke) observed with pioglitazone in the secondary CV
prevention [17]. Recently, the TOSCA.IT study [18], a
long-term, pragmatic trial, showed a similar incidence of
cardiovascular events with sulfonylureas and pioglitazone
as add-on treatments to metformin.
Because of these and many other evidences, we proposed
to critically discuss the literature data regardless of the anti-
hyperglycemic agent used, only selecting the few studies
which investigated a strict glycemic control during an ACS.
3. Diabetic Patients after ACS Are at Very High
CV Risk
Diabetic patients experience a higher in-hospital mortality
and postinfarction complications than nondiabetic ones,
such as heart failure, atrial ﬁbrillation, conduction abnormal-
ities, and angina. The poorer outcome among diabetic
patients with AMI does not appear to be explained by a larger
infarct size. The delayed improvement of both ventricular
performance and metabolic disorders at the noninfarcted
area level may be responsible for these adverse outcomes,
along with an underlying cardiac dysfunction [19].
Many risk factors are involved in the ACS development
and progression among which are metabolic syndrome,
insulin resistance, hyperglycemia, and oxidative stress [20].
Anyway, a clear understanding of the pathophysiologic
mechanisms underlying the infarcted diabetic heart is still
missing.
In diabetic patients, metabolic syndrome is associated
with a prothrombotic state, involving endothelial dysfunc-
tion, hypercoagulability, and a reduced response to ﬁbri-
nolysis. These complex mechanisms seem to be related
to a decreased functional performance of the ischemic
organs and a decreased success of both acute and long-
term intervention strategies [21]. Among the metabolic
risk factors, atherogenic dyslipidemia, associated with an
increased number of small dense low-density lipoproteins
(LDL), appears to play a predictive role either in the
development of cardiovascular events or in the progression
of coronary artery disease (CAD) in diabetic patients [22].
4. Role of Insulin Resistance in ACS
Signiﬁcant evidence supports the theory of a strict relation-
ship between insulin resistance and cardiovascular disease
[23]. The insulin eﬀects on inﬂammatory response, vascular
tone, and angiogenesis are attributable to an increased
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synthesis of nitric oxide and are deeply reduced in the
insulin-resistant states. Insulin infusion, with algorithms
aiming to provide an optimal blood glucose control,
improves the clinical outcomes of patients with severe acute
illness and ACS [24]. Insulin resistance causes a progressive
endothelial dysfunction and modiﬁcations of glucose and
lipid metabolism, establishing a continuous negative feed-
back cycle and eventually leading to an acute vascular
damage [23]. Actually, both insulin resistance and hyper-
glycemia seem to play important roles in the pathogenesis
of ACS.
5. Effects of Hyperglycemia during ACS
Several studies identiﬁed hyperglycemia as an independent
risk factor for diabetic cardiomyopathy, through cardiac cell
apoptosis [25]. Apoptotic myocyte loss could represent an
important mechanism leading to a poor prognosis after
AMI in diabetic patients as it contributes to a progressive car-
diac remodeling, through left ventricular enlargement and
interstitial ﬁbrosis, resulting in an increased synthesis of type
III collagen by cardiac ﬁbroblasts [26].
Abnormal glucose tolerance is almost twice among
patients with an ACS, as in population-based controls [27].
Hyperglycemia acts as a multiplier of cardiovascular risk
and is implicated in vascular damage and cardiac myocyte
death through diﬀerent molecular mechanisms: advanced
glycation end products (AGE), protein kinase C (PKC),
polyol pathway ﬂux, and the hexosamine pathway. All of
these reﬂect a single hyperglycemia-induced process of over-
production of superoxide by the mitochondrial electron
transport chain [20].
More fascinatingly, in a high-risk intensive cardiac care
unit general population (only 17% had known diabetes), both
hyperglycemia at admission (glucose≥ 9mmol/L) and sus-
tained hyperglycemia during hospitalization (average glucose
levels≥ 8mmol/L) were independent predictors of all-cause
mortality [28]. Similar relationships between admission
glucose levels and hospital mortality were also reported in
other studies [29].
ACS results in many systemic metabolic changes, partic-
ularly evident in diabetic patients with an already reduced
capability of insulin secretion and use of glucose for the
production of energy. Clinical and experimental evidences
suggest that the sympathoadrenal activation contributes to
mortality in patients with ischemic heart disease and the
magnitude of the adrenocortical response is governed by
the amount of myocardial necrosis [30]. An excessive cate-
cholamine activity, through a glycogenolytic eﬀect, contrib-
utes to a rise in blood glucose levels. In addition, adrenaline
is a powerful suppressor of the normal insulin response to a
glucose load.
The main result of these hormonal pathways is an
increased turnover of FFAs. In well-oxygenated hearts, FFAs
have been identiﬁed as the preferred substrate by both in vivo
and in vitro studies, accounting for 35% to 75% of oxygen
consumption. In hypoxic hearts, FFA oxidation is suppressed
and glycolysis stimulated, leading to an increase of triglycer-
ide levels. Experimental and clinical observations suggest that
increased circulating concentrations of FFAs may be associ-
ated with an adverse outcome of ACS [31], by means of sev-
eral mechanisms such as direct toxicity, increased oxygen
demand, and direct inhibition of glucose oxidation. These
metabolic changes may play a role in the development of
arrhythmias and disorders of conduction. This relationship
could be explained by two mechanisms: stimulation of the
hypoxic myocardium by increased circulating catechol-
amine and increased myocardial oxygen requirement
resulting from the utilization of FFAs as an energy sub-
strate [32].
Recently, several mechanisms showed how high FFA
concentrations may be toxic in acute ischemic myocardium,
such as mitochondrial uncoupling, activation of lipids in
the mitochondria, inhibition of β-oxidation, inhibition of
the Na+-K+-ATPase pump leading to high intracellular
sodium and calcium, or GLU-4 reduction causing reduced
insulin-stimulated glucose transport [32]. Thus, monitoring
and reducing concentrations of FFAs during and after an
ACS represent a priority [33].
Recently, it was conﬁrmed that the FFA level might be a
predictor of the severity of myocardial ischemia during the
subacute onset of ACS attack and was observed that the
FFA levels increased with the severity of necrosis and ische-
mia, such as cTnT [31]. In the same paper, an association
between WBC counts, hs-CRP, and FFA levels was observed
in ACS, suggesting a possible mechanism relating FFAs
together with inﬂammatory factors aﬀecting the progress of
ischemia. Moreover, elevated circulating FFA levels led to
endothelial dysfunction in vivo through the activation of
PKC-mediated inﬂammatory pathways and an excessive
generation of oxidants [34, 35], which would partially explain
a proarrhythmogenic activity of FFAs.
6. Are There Clinical Evidences for Tight
Glycemic Control during ACS?
A reduction in free fatty acid plasma levels and an increased
availability of glucose can be achieved by using a glucose-
insulin-potassium infusion (GIKi) during AMI. The GIKi is
associated with an improvement of either long-term progno-
sis or left ventricular mechanical performance [36]. More-
over, early after AMI, high-dose GIK infusion improves the
cardiac function, as conﬁrmed by hemodynamic measure-
ments. In fact, high-dose GIK can decrease the cardiomyo-
cyte apoptosis in AMI patients with reperfusion therapy
[37]. Moreover, high-dose GIK could improve cardiac
remodeling in AMI patients receiving primary PCI by lower-
ing vascular resistance [38].
As a conﬁrmation of this hypothesis, the DIGAMI study
(Diabetes Mellitus, Insulin Glucose Infusion in Acute Myo-
cardial Infarction) showed that GIKi administration in the
early 24 hours after acute myocardial infarction (AMI),
followed by a multidose subcutaneous insulin regimen, facil-
itates a persistent improvement of glucose control and
reduces the long-term mortality in diabetic patients. In par-
ticular, the relative mortality reduction reduced by 29% after
1 year. Interestingly, this particularly manifested in patients
with a low cardiovascular risk proﬁle and no previous insulin
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treatment [39]. Actually, the DIGAMI study has brought too
many criticisms, such as the uncertainty whether the GIK
infusion during AMI or the followed long-term insulin
treatment caused the favorable long-term outcome, the small
simple size, large conﬁdent intervals and the potential bias
resulted with only the 50% of all eligible patients being
randomized.
The DIGAMI 2 trial was planned and conducted to fur-
ther investigate the possible eﬀects on mortality and mor-
bidity of an insulin-based management on diabetic
patients with AMI. In this trial, three treatment strategies
were compared: acute insulin-glucose infusion followed by
insulin-based long-term glucose control; insulin-glucose
infusion followed by standard glucose control and routine
metabolic management according to local practice. The
study did not conﬁrm the usefulness on the overall sur-
vival rate due to an early and long-term insulin treatment
in type 2 diabetic patients following AMI. In fact, neither
an acutely introduced long-term insulin treatment did
not improve survival in type 2 diabetic patients following
myocardial infarction when compared with a conventional
management at similar levels of glucose control nor an
insulin-based treatment lowers the number of nonfatal
myocardial reinfarctions and strokes [40]. In particular,
DIGAMI 2 did not show any mortality beneﬁt in a maxi-
mum follow-up time of up to 3 years. However, these
results suggested blood glucose levels as a signiﬁcant and
independent mortality predictor among diabetic patients,
enhancing the important role of glucose control in their
management.
Moreover, a post hoc analysis of DIGAMI 2 [41],
adjusting for confounders such as glycemic control, did
not show any signiﬁcant diﬀerence in mortality among
sulphonylureas, metformin, and insulin. However, the risk
of nonfatal myocardial infarction and stroke was signiﬁ-
cantly increased by insulin treatment, whilst metformin
was protective.
The most reasonable reason for the diﬀerence between
DIGAMI 1 and 2 ﬁndings is that in DIGAMI 2, changes in
glucose concentrations between control and insulin treat-
ment groups were nonsigniﬁcant, despite the intent to obtain
target-driven, strict glycemic control in patients assigned to
the insulin-based groups in these trials. Moreover, HbA1c
at admission was substantially higher in DIGAMI 1 than in
DIGAMI 2 (HbA1c 8.2% vs 7.2%). Interestingly, ﬁndings
from the recent 20-year follow-up of the DIGAMI 1 cohort
supported that insulin-based intensiﬁed glycemic control
after acute myocardial infarction increased survival, with a
lasting eﬀect of at least 8 years [42]. In particular, contrarily
to the favorable eﬀects observed in patients with no previous
insulin use and at a low cardiovascular risk, in whom longev-
ity was prolonged most, from 6.9 years to 9.4 years, intensi-
ﬁed insulin-based glycemic control did not aﬀect the
outcome in patients at high risk and no previous insulin
treatment. These ﬁndings seem to support the conclusions
from the ACCORD and ADVANCE trials, which demon-
strated that a tight glycemic control in patients with long-
standing diabetes and advanced cardiovascular disease does
not improve mortality.
7. Mechanisms Supporting the Protective
Role of Tight Glycemic Control during ACS
Accumulating evidence supports the hypothesis that the
heart has a pool of cardiac stem-progenitor cells (CSCs),
which can diﬀerentiate into cardiomyocytes and acutely pop-
ulate the damaged regions of ischemic myocardium, regener-
ating coronary vessels [43]. In particular, Anversa and
coworkers proposed a classiﬁcation of cardiac immature cells
into 4 classes: cardiac stem cells (CSCs), progenitors (CPCs),
precursors (MPCs), and amplifying cells. These cell types
may be considered as subsequent steps in the progressive
evolution from a more primitive to a more diﬀerentiated
phenotype [44].
There is evidence that diabetes plays an important role in
the dramatic loss of MPC function in animal models. The
high levels of oxygen reactive species, produced by hypergly-
cemia during AMI, result in the inhibition of both cell repli-
cation and diﬀerentiation, thus favoring the development of a
cardiac myopathy characterized by a decrease in muscle mass
and impaired ventricular function [45]. Both MPC number
and myocyte proliferation signiﬁcantly increase when a tight
glycemic control is achieved in the early stage of AMI. A tight
glycemic control during an acute ischemic damage is associ-
ated with an increased regenerative potential of the myocar-
dium [31]. Glucose control may have more important results
than insulin treatment in the improvement of the cardiac
outcome among diabetic patients.
In 2011, Samaropoulos and coworkers demonstrated
how an intensive glycemic control in middle- to old-aged
type 2 diabetic patients, who already had or are at risk for car-
diovascular disease, was associated with a reduction in high-
sensitivity C-reactive protein (hs-CRP) [46].
This ﬁnding suggests that an increased inﬂammatory
immune process seems to be most likely a mechanism linking
acute hyperglycemias to poor cardiac outcomes in AMI
patients [47]. Inﬂammatory response and cytokine elabora-
tion are particularly active after AMI and contribute to
cardiac remodeling, through progressive myocyte apoptosis,
hypertrophy, and defects in contractility [48].
Recently, Tatsch et al. showed an association between a
poor control of type 2 diabetes and increased levels of oxida-
tive, inﬂammatory, and endothelial biomarkers, resulting in
DNA damage [49].
High glucose levels have been reported to enhance induc-
ible nitric oxide synthase (iNOS) expression, leading to the
production of high levels of nitric oxide (NO) [50]. More-
over, iNOS is expressed in the myocardium after MI.
Although NO may have beneﬁcial eﬀects on the inﬂamma-
tory response and the vascular resistance, increased NO
levels contribute to the production of peroxynitrite, hence
producing a myocardial damage and a higher mortality after
AMI [51].
In addition to hyperglycemia, oxidative stress may be
induced by soluble advanced glycation end products (AGE).
Among AGE precursors, methylglyoxal (MG) is considered
as one of the key intermediates linking hyperglycemia and
intensive lipolysis, two dominant metabolic changes in dia-
betes [52]. Oxidized low-density lipoprotein (oxLDL) in
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diabetic patients enhances monocyte chemoattractant
protein-1 (MCP1) gene expression in endothelial cells,
increasing the atherogenic process and promoting endothe-
lial dysfunction [53].
Moreover, deleterious vascular eﬀects of endothelial dys-
function are associated with smooth muscle cell proliferation
after vascular injury, including injury from catheter-based
interventions. In fact, diabetic patients have a greater inci-
dence of restenosis after percutaneous coronary intervention
(PCI), related to an exaggerated tissue proliferation in lesions
treated either with or without stents. The restenosis process
begins very early, between 1 and 3 months after coronary
angioplasty [54]. Timmer and colleagues examined the
eﬀects of a periprocedural tight glycemic control during
PCI on the restenosis rate in hyperglycemic patients with
ST segment elevation myocardial infarction (STEMI), show-
ing that both elevated glucose admission and HbA1c levels
are associated with adverse outcomes [55].
8. Evidences for Tight Glycemic Control in
Surgical and Critically Ill Patients
Several studies, though not conducted in patients with acute
coronary syndrome, partially conﬁrmed this relationship
between CV outcome and glycemic milieu. A tight glycemic
control during the perisurgical period seems to decrease the
inﬂammatory immune reaction, as well as both nitrotyrosine
levels and MCP1, hence driving to a better prognosis [56]. In
reality, insulin resistance during surgery, rather than the
presence of diabetes mellitus, is associated with an increased
risk of major complications.
It is well known that major surgical tissue trauma
leads to alterations in glucose metabolism, resulting in
hyperglycemia and insulin resistance. This could be
explained by speciﬁc neuroendocrine changes, such as
increased circulating concentrations of cortisol, glucagon,
and catecholamine. The extent of insulin resistance during
surgery depends on the intensity of trauma, suggesting insu-
lin resistance as a marker of surgical stress, with potential rel-
evance for the clinical outcome [57]. The number of patients
who suﬀered a major complication and an increased rate of
superﬁcial wound infections signiﬁcantly increased in
diabetics with poor preoperative glycemic control when
compared with nondiabetics.
Van den Berghe and colleagues obtained similar results
studying patients treated in an intensive care unit (ICU)
[58]. They asserted that an intensive insulin therapy during
intensive care prevents morbidity, though not signiﬁcantly
reducing mortality. More recently, Brunkhorst et al. [59]
conﬁrmed that there are no signiﬁcant diﬀerences in the
death rate for the insulin intensive-treated group and showed
that the use of intensive therapy in critically ill patients
determines an increased risk for serious adverse events
related to hypoglycemia.
Finally, the NICE-SUGAR study, a large, international,
randomized trial [60], suggested that a goal of normoglyce-
mia for glucose control does not necessarily beneﬁt critically
ill patients, rather being harmful, due to a major incidence of
deaths from cardiovascular causes in the intensive control
group compared to that resulted in the conventional control
group. Moreover, the former group shows a lower median
survival time than the latter. In particular, it was observed
that an intensive glucose control increased mortality among
adults in ICU: a blood glucose target of 180mg/dL or less
resulted in lower mortality than a target of 81 to 108mg/dL.
9. Position Statements of Scientific Societies
All these studies conﬁrm that hyperglycemia is common
during ACS and is associated with increased mortality rates.
Anyway, it remains still unclear, as stated by the American
Heart Association, whether hyperglycemia is either a marker
or a mediator of higher mortality and whether hyperglycemia
treatment improves outcomes [61].
Correctly, Scientiﬁc Societies, underlying the absence of
robust data for an optimal glucose management (e.g.,
treatment thresholds and glucose targets) in STEMI
patients, suggested a close, though not too strict glucose
control as that of the best approach.
The last ESC task force on diabetes and CV diseases
developed in collaboration with EASD suggested, according
to DIGAMI 1, that DM and AMI would beneﬁt from glyce-
mic control, in the case of a signiﬁcant hyperglycemia (higher
than 10mmol/L or 180mg/dL), with the target adapted to
possible comorbidities as a class 2a recommendation. In par-
ticular, an approximation towards normoglycemia with less
stringent targets, in those with severe comorbidities, would
represent a reasonable goal, though exact targets have still
to be deﬁned. Moreover, the two Scientiﬁc Societies stated
insulin infusion as the most eﬃcient way to rapidly achieve
glucose control [62].
More recently, the 2017 ESC Guidelines for the man-
agement of acute myocardial infarction in patients pre-
senting with ST segment elevation [63] stated, as class 2a
recommendation, that glucose-lowering therapy should be
considered in ACS patients with glucose levels> 10mmol/L
(>180mg/dL), whilst episodes of hypoglycemia (deﬁned as
glucose levels≤ 3.9mmol/L or ≤70mg/dL) should be
avoided.
Finally, the 2018 ADA guidelines [64] recommended, in
hospitalized patients, a glucose target range between
140mg/dL and 180mg/dL (7.8–10.0mmol/L) for the major-
ity of critically ill patients (level A of evidence). Clinical judg-
ment, combined with the ongoing assessment of the patient’s
clinical status, should be incorporated into the day-to-day
decisions regarding insulin doses. Remarkably, the treatment
regimen should be reviewed and changed as necessary to pre-
vent further hypoglycemia when a blood glucose value is
≤70mg/dL (3.9mmol/L) (level C of evidence).
Notably, whilst all these guidelines do not seem man-
datory with regard to a strict hyperglycemic cutoﬀ, instead,
they agree to absolutely avoid hypoglycemia. Therefore,
according to the recent joint position statement of the
American Diabetes Association and the European Associa-
tion for the Study of Diabetes [65], the hypoglycemia alert
value in hospitalized patients has to be deﬁned as blood
glucose≤ 70mg/dL (3.9mmol/L) and clinically signiﬁcant
hypoglycemia as glucose values< 54mg/dL (3.0mmol/L),
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to be reported in clinical trials. This statement thus repre-
sents a good threshold for future studies.
10. Conclusions
In conclusion, optimal glucose target levels and treatment
regimens in this setting of patients are still under debate.
Future studies on intensive glucose control must be devel-
oped to reduce both glucose variability and risk of hypoglyce-
mia, thus achieving an optimal blood glucose concentration
in critically ill patients, particularly in ACS.
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